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(54) Linear power amplifier with automatic gate/base bias control for optimum efficiency 



(57) A dynamic power amplifier advantageously 
employed in a wireless terminal for transferring and re- 
ceiving signals from a base terminal includes an input 
amplifier (38) adapted to receive an input signal having 
a given power signal level corresponding to the distance 
of said wireless terminal to the terminal and adapted to 
provide an amplifier output signal having a given power 
output signal level. The dynamic amplifier further in- 



cludes a power sensor (40) configured to receive the 
power output signal and to generate a power indication 
signal (at 50) corresponding to the power output signal, 
and a converter (46) adapted to receive the power indi- 
cation signal in order to generate a biasing signal cor- 
responding to the power indication signal. The biasing 
signal is applied to the input amplifier (52) so that the 
operating bias point of the power amplifier (38) varies 
as a function of the power indication signal. 
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Description 

Field Of The Invention 

This invention relates to power amplifiers and more 
specifically to linear power amplifiers operating at high 
frequencies. 

Background Of The Invention 

A variety of battery-operated electronic circuits em- 
ploy power amplifiers. For example, wireless terminals 
such as mobile phones, personal pagers and the like, 
transmit radio frequency signals that are desired to be 
amplified by a linear power amplifier Typically, these ter- 
minals operate by batteries that require recharging at 
certain time intervals. It is desirable to increase the ef- 
ficiency of these terminals so that they can be used for 
a longer period of time without the need to recharge their 
batteries. 

At least one disadvantage with the current wireless 
terminals is that they do not operate at a substantially 
efficient manner. The power amplifier employed in the 
presently available wireless terminals receives a sub- 
stantially high input power signal and provides a sub- 
stantially high output power signal when the terminal is 
far from a corresponding receiver station, such as a 
base terminal in a cellular wireless communications sys- 
tem. Typically, the operating power of the power ampli- 
fier remains fixed, based on the biasing voltage signals 
of the amplifier. When operating in response to high in- 
put power signals, the power amplifier exhibits a sub- 
stantially high efficiency. However, when the wireless 
terminal is closer to the base station the required oper- 
ating power of the power amplifier is not substantially 
high. Nevertheless, since the operating power of the 
power amplifier is fixed, the efficiency of the amplifier 
decreases substantially. This leads to shorter battery life 
and thus more recharging intervals. 

Thus, there is a need for a power amplifier which 
operates at substantially high efficiency, for example, 
power added efficiency, as defined below, through a 
broad range of output power levels. 

Summary Of The Invention 

Briefly, in accordance with one embodiment of the 
invention, a dynamic power amplifier comprises: an in- 
put amplifier adapted to receive an input signal having 
a given power signal level and adapted to provide an 
amplifier output signal having a given power output sig- 
nal level; a power sensor configured to receive the pow- 
er output signal and to generate a power indication sig- 
nal corresponding to the power output signal; a convert- 
er adapted to receive the power indication signal in order 
to generate a biasing signal corresponding to the power 
indication signal, the biasing signal applied to the input 
amplifier so that the operating bias point of the power 



amplifier varies as a function of the power indication sig- 
nal. 

Briefly, in accordance with another embodiment of 
the invention, a dynamic power amplifier comprises: an 
s input amplifier adapted to receive an input signal having 
a given power signal level and adapted to provide an 
amplifier output signal having a given power output sig- 
nal level; a power sensor configured to receive at least 
one of the input power or output power signals, the pow- 
er sensor further adapted to generate a power indication 
signal corresponding to at least one of the input power 
or output power signals; a converter adapted to receive 
the power indication signal so as to generate a biasing 
signal corresponding to the power indication signal, the 
biasing signal applied to the input amplifier so that the 
operating bias point of the power amplifier varies as a 
function of the power indication signal. 

Brief Description Of The Drawings 

The subject matter regarded as the invention is par- 
ticularly pointed out and distinctly claimed in the con- 
cluding portion of the specification. The invention, how- 
ever, both as to organization and method of operation, 
together with features, objects, and advantages thereof 
may best be understood by reference to the following 
detailed description when read with the accompanying 
drawings in which: 

Fig. 1 illustrates a block diagram of the front end of 
a wireless terminal that employs a dynamic power am- 
plifier in accordance with one embodiment of the inven- 
tion. 

Fig. 2 illustrates a block diagram of a dynamic pow- 
er amplifier in accordance with one embodiment of the 
invention. 

Fig. 3a illustrates a block diagram of a power am- 
plifier employed in a dynamic power amplifier in accord- 
ance with an embodiment of the invention. 

Fig. 3b illustrates a block diagram of a power am- 
plifier employed in a dynamic power amplifier in accord- 
ance with another embodiment of the invention. 

Fig. 4 illustrates a plot of power response charac- 
teristics of a transistor employed in a dynamic power 
amplifier in accordance with an embodiment of the in- 
vention. 

Fig. 5 illustrates a communications system compris- 
ing a base station and a receiver employing a dynamic 
power amplifier in accordance with one embodiment of 
the invention. 

Detailed Description Of The Invention 

Fig. 1 illustrates a block diagram of the front end of 
a typical wireless terminal 10 employed in cellular com- 
munications system that incorporates a power amplifier 
36 in accordance with one embodiment of the present 
invention, although the invention is not limited in scope 
in that respect. For example, Fig. 5 illustrates a commu- 
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nications system comprising a base terminal 8 and a 
plurality of wireless terminals 10, which advantageously 
employ a power amplifier 36 in accordance with one em- 
bodiment of the invention. 

With reference to Figs. 1 and 5, antenna 12 is con- 
figured to receive signals from a base station 8, and to 
transmit signals from the wireless terminal back to the 
base station. The output terminal of antenna 12 is cou- 
pled to an input terminal of a duplexer 14. Duplexer 14 
is designed to route incoming signals from the base sta- 
tion to the upper signal path of wireless terminal 1 0, and 
to route signals from the lower path of the wireless ter- 
minal to antenna 12. 

Signals received by antenna 12 are routed through 
duplexer 14 to an input terminal of a bandpass filter 16, 
which is tuned to a desired frequency band intended for 
the wireless terminal. The output signal of bandpass fil- 
ter 16 is amplified by low noise amplifier 18, which has 
an input terminal coupled to the output terminal of the 
bandpass filter A mixer 20 receives the output signal of 
low noise amplifier 18 and a constant frequency signal 
from voltage-controlled oscillator 26. Mixer 20 down- 
converts the frequency of the signal received from low 
noise amplifier 18, and provides the down-converted 
signal to a bandpass filter 22. The output signal of band- 
pass filter 22 is then applied to an automatic gain control 
amplifier 24. The output signal of automatic gain control 
amplifier 24 is then provided to a signal processing cir- 
cuit (not shown) for converting the received signal into 
speech and/or data. 

The lower signal path of wireless terminal 10 per- 
forms substantially the reverse functions of components 
described above. Thus, amplifier 28 receives and am- 
plifies the signal intended to be transmitted to a base 
station. The output signal of amplifier 28 is then applied 
to a mixer 30, which also receives a constant frequency 
signal from voltage-controlled oscillator 26. Mixer 30 up- 
convertsthe signals received from amplifier 28 to a radio 
frequency RF signal. The output signal of mixer 30 is 
coupled to an input terminal of a bandpass filter 32. The 
output signal of bandpass 32, in turn, is provided to a 
driver 34, which generates a radio frequency RF signal 
having a given power signal level. 

The output signal of driver 34 is coupled to an input 
terminal of a dynamic power amplifier such as amplifier 
36 in accordance with one embodiment of the present 
invention. Finally, the output signal of dynamic power 
amplifier 36 is coupled to antenna 32 via duplexer 14. 

As mentioned before, the input power signal level 
coupled to amplifier 36 depends on the distance of the 
wireless terminal from the base station. As the distance 
from the wireless terminal to the base station increases, 
the required input power signal coupled to amplifier 36 
increases also. Conversely, as the distance from the 
wireless terminal to the base station decreases, the re- 
quired input power signal coupled to amplifier 36 de- 
creases also. However, with prior art power amplifiers, 
as the input power signal decreases the efficiency of the 



amplifier would substantially decrease also. As it will be 
explained in more detail hereinafter, in accordance with 
one aspect of the present invention, dynamic power am- 
plifier 36 adjusts its biasing signals so that the amplifier 

s operates at a substantially high efficiency region for a 
substantially wide range of input power signal levels. 

Fig. 2 illustrates a block diagram of a dynamic pow- 
er amplifier, such as 36, in accordance with one embod- 
iment of the present invention, although the invention is 

10 not limited in scope in that respect. The input terminal 
of dynamic power amplifier 36 receives a voltage signal 
from the output terminal of driver 34 (Fig. 1). Thisvottage 
signal is coupled to an input terminal of a power amplifier 
38. Advantageously, as it will be explained in more detail 

is with reference to Figs.3a and 3b, power amplifier 38 
comprise a bipolar junction transistor (BJT), or a field 
effect transistor (FET), although the invention is not lim- 
ited in scope in that respect. 

The output voltage signal of power amplifier 38 is 

£0 coupled to an input terminal of a power sensing device 
such as coupler 40. One example of coupler 40 may be 
a directional coupler such as the one manufactured by 
Mini-Circuits™, Brooklyn, New York. The basic function 
of a directional coupler is to receive an input signal and 

25 to provide two output signals that correspond to the input 
signal. The output signals are not equal in amplitude. 
The large power output signal is at the main-line output 
port 48, and, the smaller power indication signal is at the 
coupled port 50. Typically, there is high isolation be- 
so tween the coupled port and the output port. Thus, with 
the use of directional coupler 40, it is possible to monitor 
and sense the power signal level at the output terminal 
of power amplifier 38 independent of bad conditions at 
the output of dynamic power amplifier 36. 

35 The power indication signal at coupled port 50 is 
applied to an input terminal of an envelope detector 44. 
Typically, envelope detector 44 is a capacitor-diode net- 
work that measures approximately the average value of 
the power indication signal provided by coupler 40. The 

40 output signal of envelope detector 44 is substantially a 
direct current (DC) average voltage signal, which corre- 
sponds to the output power level of power amplifier 38. 
The operation of envelope detector 44 is well-known 
and described in Micro-Electronics, Digital and Analog 

45 Circuits and Systems , by Jacob Millman (McGraw-Hill 
1979). 

The output terminal of the envelope detector is cou- 
pled to an input terminal of a direct current (DC) offset 
converter 46. DC offset converter 46 generates a sub- 

50 stantially direct current (DC) biasing voltage signal that 
corresponds to the magnitude of the average output 
voltage signal provided by envelope detector 44. The 
direct current (DC) biasing voltage signal of converter 
46 is coupled to an input terminal 52 of power amplifier 

55 38, as it will be explained in more detail hereinafter, with 
reference to Figs. 3a and 3b. 

Fig. 3a illustrates a block diagram of a power am- 
plifier 38 in accordance with one embodiment of the 
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present invention, although the invention is not limited 
in scope in that respect, voltage signal coupled to. ter- 
minal 54 is in turn applied to an input terminal of an input 
matching network 60. Typically, input matching network 
60 comprises a resistance, a capacitance and an induct- 
ance and provides impedance matching between the 
output stage of driver 34 (Fig. 1 ), and the input stage of 
amplifier 38. The output terminal of input matching net- 
work 60 is coupled to the base terminal of a transistor 
64. Transistor 64 is preferably a power BJT transistor 
that is configured to operate at high frequencies. 

The base terminal of transistor 64 is also configured 
to receive a direct current voltage signal from a base 
bias network 62. Base bias network 62 receives a sub- 
stantially direct current (DC) biasing voltage signal from 
converter 46 via terminal 52. Base bias network 62 is 
preferably a low pass filter that is configured to prevent 
high frequency signals from traveling to or from transis- 
tor 64 via the base bias network. 

The emitter terminal of transistor 64 is coupled to 
the ground signal level. The collector terminal of tran- 
sistor 64 is coupled to a collector bias network 66. Col- 
lector bias network 66 receives a substantially constant 
direct current (DC) voltage signal from a constant DC 
voltage source, such as a battery, via terminal 67, and 
provides a biasing current to transistor 64. Preferably, 
the collector bias network may be configured as a low 
pass filter to prevent high frequency signals from 
traveling to or from transistor 64 via the collector bias 
network. 

The collector terminal of transistor 64 is also cou- 
pled to an input terminal of an output matching network 
68, which is configured to provide impedance-matching 
between the output stage of power amplifier 38 and in- 
put stage of duplexer 14 (Fig. 1). 

Fig. 3b illustrates a block diagram of power amplifier 
38 employing a field effect transistor (FET) 74, instead 
of a bipolar junction transistor BJT 64 of Fig. 3a. It will 
be appreciated by those skilled in the art that the oper- 
ation of power amplifier 38, in conjunction with transistor 
74, is based on the same principles discussed in refer- 
ence to Fig. 3a. Thus, the operation of dynamic power 
amplifier 36 is applicable to both embodiments illustrat- 
ed in Figs. 3a and 3b, although the invention is not limited 
in scope in that respect. 

During operation, dynamic power amplifier 36 ad- 
justs the biasing voltage signals of power amplifier 38 
based on the power signal level at the output terminal 
of power amplifier 38. Coupler 40 monitors the power 
signal level and provides a corresponding power indica- 
tion voltage signal at terminal 50. Since power amplifier 
38 amplifies high frequency signals, envelope detector 
44 is preferably employed to provide an average voltage 
signal which corresponds to the average power signal 
level at the output of power amplifier 38. Based on this 
average power signal level, converter 46 provides a cor- 
responding biasing signal to terminal 52 of base bias 
network 62. The change in biasing signal changes the 
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operating point of transistor 64 such that the transistor 
maintains a substantially linear characteristics. Prefer- 
ably, the converter provides a biasing voltage signal that 
allows transistor 64 to operate at a substantially high 
s efficiency for a wide range of power signal levels. 

The efficiency of transistor 64 depends, among oth- 
er things, on the input power signal level provided at its 
input terminal. For a transistor that is biased at a fixed 
biasing point, the efficiency of the transistor decreases 
as the input power signal level decreases. The efficiency 
of the transistor may be represented by 

V CE I C 

where r\ is known as power-added efficiency, P w1put is 
the output power signal level, P input is the input power 
signal level, V CE is collector voltage signal and l c is the 
collector current. For a transistor with a fixed biasing 
point, the collector voltage signal and the collector cur- 
rent remain constant regardless of variations in the input 
and output power signal levels. Thus, power added ef- 
ficiency decreases as the power levels of input and out- 
put signals decrease. 

However, in accordance with the present invention, 
the collector voltage signal and the collector current sig- 
nal vary as the output power signal detected by enve- 
lope detector 44 varies. Tnus, when the output power 
signal level decreases, offset DC converter 46 applies 
a lower voltage signal to base bias network 62. In re- 
sponse, the collector current of transistor 64 also de- 
creases and the power added efficiency of the transistor 
remains substantially constant. 

Typically, it is desirable to operate power transistors 
64 or 74 at a predetermined power gain such that the 
power added efficiency is at a substantially high value, 
while the transistor remains at a substantial linear region 
of its operation. Advantageously, such a power gain is 
defined as 1-dBgain compression point, G 1dB , which is 
defined as the power gain where the non linearities of 
the transistor reduces the power gain by 1dB over the 
small-signal liner power gain. That is, 

G 1dB= G o ( dB ) " 1 

where G 0 (dB) is the small-signal linear power gain in 
decibels. 

A typical plot 110 of P^m versus Pjnpot, which il- 
lustrates the 1 -dB gain compression point 11 2 , is shown 
in Fig. 4. Plot 110 illustrates a power response charac- 
teristic for a typical transistor at 4.7GHz, at a predeter- 
mined base current signal, l B = g v The power response 
characteristic of the transistor may be different depend- 
ing on the value of base current signal, l B . For example, 
plot 116 illustrates the power response characteristics 
of the transistor for a different base current signal l B = g<>. 
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The power added efficiency of the transistor, at 
base current signal l B = g v is illustrated by plot 114. 
Again, the power added efficiency of the transistor may 
be different depending on the value of base current sig- 
nal, l B . For example, the power added efficiency of the 
transistor, at base current signal l B = g^ is illustrated by 
plot 120. 

Fig. 4 illustrates that for the same value of base cur- 
rent signal, the power added efficiency decreases as 
output power and input power signal levels decrease. 
However, it is possible to maintain the same power add- 
ed efficiency by varying the value of the base signal cur- 
rent l B . In accordance with one aspect of the invention, 
converter 46 may be configured such that for a given 
output power signal, it applies a direct current voltage 
signal to base bias network 62 in accordance with power 
response characteristics illustrated in Fig. 4. To this end, 
it may be possible to maintain the power gain of the tran- 
sistor at l-db gain compression point for a wide range of 
power output signals generated by amplifier 38. 

It will be appreciated that the same principle of op- 
eration discussed above in connection with transistor 64 
is equally applicable to a power amplifier that employs 
a field effect transistor (FET) 74. However, instead of 
varying the base current of transistor 64, it is desirable 
to vary the gate voltage for transistor 74. 

Furthermore, in accordance with another embodi- 
ment of the invention, dynamic power amplifier 36 may 
be configured such that coupler 40 monitors the input 
power signal level instead of the output power signal lev- 
el illustrated in Fig. 2. As such, the detected input power 
signal level may be coupled to an input terminal of en- 
velop detector 44, which in turn causes converter 46 to 
vary the biasing signals of the transistor employed in 
power amplifier 38. 

Thus, the present invention allows high frequency 
power amplifiers such as those employed in battery driv- 
en wireless terminals or other battery driven devices, to 
operate linearly at substantially high power added effi- 
ciency for a wide range of input and output power signal 
levels. Advantageously, this results in an extended bat- 
tery life and more reliable device. 

The foregoing merely illustrates the principles of the 
inventions. It will thus be appreciated that those skilled 
in the art will be able to devise various arrangements 
which, although not explicitly described or shown here- 
in, embody the principles of the invention and are thus 
within its spirit and scope. 



Claims 

1. An electronic system having a dynamic power am- 
plifier comprising: 

input amplifier adapted to receive an input sig- 
nal having a given power signal level adapted 
to provide an amplifier output signal having a 



8 

given power output signal level; 
a power sensor configured to receive said pow- 
er output signal and to generate a power indi- 
cation signal corresponding to said power out- 
s put signal; 

a converter adapted to receive said power indi- 
cation signal in order to generate a biasing sig- 
nal corresponding to said power indication sig- 
nal, said biasing signal applied to said input am- 
10 plifier so that the operating bias point of said 

power amplifier varies as a function of said 
power indication signal. 

2. The invention in accordance with claim 1 , wherein 
15 said electronic system is a wireless terminal config- 
ured to transfer and receive signals from a base ter- 
minal. 

3. A dynamic power amplifier comprising: 

20 

an input amplifier adapted to receive an input 
signal having a given power signal level and 
adapted to provide an amplifier output signal 
having a given power output signal level; 
25 a power sensor configured to receive at least 

one of said input power signal and said output 
power signal said power sensor further adapted 
to generate a power indication signal corre- 
sponding to said at least one of said input power 
30 signal and said output power signal; 

a converter adapted to receive said power indi- 
cation signal so as to generate a biasing signal 
corresponding to said power indication signal, 
said biasing signal applied to said input ampli- 
35 her so that the operating bias point of said pow- 

er amplifier varies as a function of said power 
indication signal. 

4. The invention in accordance with claim 1 or 3, fur- 
40 ther comprising an envelope detector adapted to re- 
ceive said power indication signal and generate a 
substantially direct current (DC) average voltage 
signal corresponding to the average value of said 
power indication signal, said average voltage signal 

45 applied to said converter to control the magnitude 
of said biasing signal. 

5. The invention in accordance with claim 4, wherein 
said input amplifier further comprises a bipolar junc- 

50 tion transistor having a base terminal coupled to a 
base bias network circuit, said base terminal adapt- 
ed to receive said biasing voltage signal via said 
base bias network circuit. 

55 6. The invention in accordance with claim 4, wherein 
said input amplifier further comprises a field effect 
transistor having a gate terminal coupled to a gate 
bias network circuit, said gate terminal adapted to 
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receive said biasing voltage signal via said gate bi- 
as network. 

7. The invention in accordance with claim 5, wherein 
said power sensor comprises an inductive coupler 5 
having one input terminal for receiving output signal 
generated by said power amplifier and further hav- 
ing two output terminals adapted to generate a main 
output signal and said power indication signal. 

10 

8. The invention in accordance with claim 7, wherein 
said envelope detector further comprises a capac- 
itance-diode network. 

9. The invention in accordance with claim 7 or 8, is 
wherein said converter generates said biasing sig- 
nals such that said input power amplifier operates 

at a substantially linear region of its operation. 

10. The invention in accordance with claim 9, wherein 20 
said converter is further adapted to generate said 
biasing signals such that said input power amplifier 
operates at its 1 -dB compression point gain for a 
substantially wide range of output power signals 
monitored by said coupler. zs 

11. The invention in accordance with claim 10, wherein 
said dynamic power amplifier is employed in an out- 
put stage of a wireless terminal. 

30 

12. A method for dynamically controlling a power am- 
plifier employed in a wireless terminal used for 
transmitting to a base terminal, said method com- 
prising the steps of: 

35 

generating a given power output signal in re- 
sponse to an input signal applied to said power 
amplifier, said power output signal having a giv- 
en power signal corresponding to the distance 
of said wireless terminal to said base terminal; 40 
generating a power indication signal corre- 
sponding to said power output signal; 
generating a biasing signal corresponding to 
said power indication signal so as to vary the 
biasing point of said power amplifier as a tunc- 45 
tkxi of said power indication signal. 

13. The invention in accordance with claim 12, further 
comprising the step of generating a substantially di- 
rect current (DC) average voltage signal corre- so 
sponding to the average value of said power indi- 
cation signal. 



ss 




7 



EP 0 803 973 A1 



r 




7\ 



CD 
rO 



q: 
uj 



7 

CV) 




CV1 
CD 



UJ 

o 

CL 



CVJ 



< 

2 <T_ 



GO 
fO 



I- a: 
uj uj 
<ni- 
u_q: 



L° J! 



8 



EP 0 803 973 A1 




9 



EP 0 803 973 A1 




FIG. 5 



10 



EP 0 803 973 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 97 38 2561 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Ckatioa of doturmat with indication, where appropriate, 
of relevant passages 


M*dafan* 


CLASSIFICATION OF THE 
APPLICATION amCU) 


X 


WO 94 01930 A (MOTOROLA INC) Z0 January 
1994 

* page 5, line 12 - page 6, line 2; figure 
1 * 


1,4,7-9, 
13 


H03F1/02 


A 


EP 0 401 013 A (NIPPON ELECTRIC CO) 5 
December 1990 

* column 8, line 29 - column 9, line 18; 
figure 6 * 

* column 1, line 4 - column 2, line 3 * 


2.6,11, 
12 




A 


US 4 547 746 A (ERICKS0N ALAN R ET AL) 15 
October 1985 

* column 4, line 9 - column 5, line 25; 
figure 2 * 


1,4-7,11 




Y 


PROCEEDINGS OF THE PACIFIC RIM CONFERENCE 
ON COMMUNICATIONS, COMPUTERS AND SIGNAL 
PROCESSING, VICTORIA, JUNE 1-2, 1989, 
no. 1 June 1989, INSTITUTE OF 
ELECTRICAL AND ELECTRONICS ENGINEERS, 
pages 475-477, XPO90O77525 
ROSENAUER D F: "DSP BASED TRANSMITTER 
GAIN CONTROL FOR SATELLITE EARTH STATIONS 
WITH MULTI-CARRIER BURST TRAFFIC" 
* page 475; figure 1 * 


3 








TECHNICAL FIELDS 
SEARCHED QwCOJ) 






H03F 
H03G 
H04B 


Y 


WO 92 05631 A (TELENQKIA OY) 2 April 1992 
* page 3, line 9 - page 4, line 9; figure 
1 * 


3 




Y 


PATENT ABSTRACTS OF JAPAN 

vol. 006, no. 254 (E-148), 14 Decoder 

1982 

& JP 57 152734 A (FUJITSU KK), 21 
Septenfcer 1982, 
* abstract * 

-/-- 


12 




To* present seven report hat been drawn up for al daans 







BERLIN 



Paterf 1 1 | 1 1 final nd 

25 July 1997 



Breusing, J 



CATEGORY OF CITED DOCUMENTS 



X : oarticulmrly reievtat K tmkea olaae 
Y : oarticubrty retevaat if cowMaet wit 

oaca a e al of the s 
A : leduwlockml baehcroNojs 
O : DOO-wri»tt» disclosure 



T : thorny or ariadalc uofeilyfag the faveotioo 
E : earlier patent tocoamt, but published on, or 

after toe filing tele 
D : iocuoMftt dteJ in the application 
L : oaoaacal tiftol for other romsoas 



i pateat family, corresoano'iog 



11 



EP 0803 973 A1 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 97 39 2561 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cfeatiaa af dmncat vita inikarjon, whew appropriate, 
of refevaat passages 



Refevart 



CLASSIFICATION OF THE 
APPLICATION (laLCU) 



A 



WO 9G 13173 A (TELENOKIA OY) 1 November 
1999 

* page 1, line 3 - line 27; figure 1 * 

* page 5, line 3 - line 31 * 

EP 9 717 594 A (NOKIA MOBILE PHONES LTD) 
19 June 1996 

* column 3, line 2 - line 49; figure 1 * 

EP 0 488 385 A (NIPPON ELECTRIC CO) 3 June 
1992 

* column 1, line 1 - column 2» line 30; 
figure 2 * 



12 

8,13 



The preeeat search resort has beca dnm up for all dans 



TECHNICAL FIELDS 
SEARCHED (IatXL4) 



BERLIN 



Da* rf naafcHia af tai met 

25 July 1997 



Breusing, J 



CATEGORY OF CITED DOCUMENTS 

X : aarticabuly idevaat if tike* abate 

Y : varticatajty retevaat if ewa b i» H with another 

ao c ma cot of tkc saaM category 
A: techaoiofkaJ todk^wu* 
O ; aoa-witt«a 4axi*u*n 
P : latenaealate aoesment 



T : dMoty or artedale ao4arivia R t 
E : earlier pateat •oanwl, bat paatefce* on, or 

aftar taa fiiiag fata 
D : cooaaeat dtetf la the aaaJkarioa 



A : member of the same pateaff fatally, awresaaMing 



12 



